Background and study aim: Combined anti-hepatitis C therapy with pegylated interferon and ribavirin is associated with numerous side effects that affect both patients' compliance and response rates. These side effects are believed to be, in part, due to oxidative stress induced by ribavirin. In the present work, we tried to evaluate if antioxidants can ameliorate the side effects of this therapy in patients with chronic hepatitis C (CHC). Patients and methods: Two hundred selected patients with CHC were randomized to receive either the standard antiviral combination therapy (Peginterferon and Ribavirin) plus antioxidant mixture (slow release vitamin C 500 mg daily, vitamin E 400 mg daily, silymarin 420 mg daily and Nacetylcystein 600 mg daily) for 48 weeks (study group, group I) or to receive the standard combination therapy only for 48 weeks (control group, group II). Patients were followed up during the whole treatment course to assess the occurrence of subjective and laboratory side effects of the combined antiviral therapy.
Results:
The results of our study revealed statistically significant difference between both groups regarding changes in hemoglobin concentration along therapy from week one onwards as reduction in hemoglobin concentration along therapy was significantly lower in group I; p = 0.001. The frequency of significant anemia (Hb < 10 gm/dl) in group I was significantly lower than Group II from week twelve onwards; p value ranged from 0.013 to 0.001. Moreover, the frequency of fatigue was significantly lower in group I from week two onwards till the end of therapy; p value ranged from 0.027 to < 0.001. On the other hand, all other checked side effects either subjective or laboratory revealed a non significant statistical difference between both groups. Conclusion: The use of an antioxidant mixture with antiviral combination therapy in patients with CHC can improve treatment associated anemia and fatigue but has no effect on other treatment associated side effects. The mechanisms by which HCV causes cell damage are not well understood. Different mechanisms have been suggested including immunological liver damage, direct cytotoxicity and oxidative stress induction. The theory of "oxidative stress induction" is supported by several lines of evidence including the presence of increased levels of lipid peroxidation products and diminished levels of reduced glutathione in peripheral blood. [3] .
INTRODUCTION
Combined antiviral therapy with pegylated interferon and ribavirin has been recommended as a standard therapy for patients with CHC. These drugs are given for either 48 weeks (HCV genotypes 1, 4, 5, and 6) or for 24 weeks (HCV genotypes 2 and 3) [4] . Unfortunately, this combination therapy is associated with numerous side effects that affect both patients' compliance and response rates [5] . Such effects are, in part, due to oxidtive stress induced by ribavirin. Ribavirin exerts its antiviral activity after intracellular phosphorylation to its monophosphate, diphosphate and triphosphate which are the pharmacologically active forms; resulting in relative deficiency of adenosine triphosphate (ATP) within red blood cells [6] . This deficiency of ATP may affect the antioxidant defence mechanisms indirectly and hence increase susceptibility to oxidative damage and extravascular hemolysis [7] .
An antioxidant is a molecule capable of slowing or preventing the oxidation of other molecules. Oxidation is a chemical reaction that transfers electrons from a substance to an oxidizing agent. Oxidation reactions can produce free radicals, which can start chain reactions and lead to cell damage or death. Antioxidants terminate these chain reactions by removing free radical intermediates, and inhibit other oxidation reactions by being themselves oxidized [8] . Although increased ROS levels in patients with CHC may be beneficial by suppressing HCV replication [9] , many studies have demonstrated the beneficial effects of antioxidants on these patients [10] .
Aim of the work
The present study aims at evaluating the role of certain antioxidant mixture (slow release vitamin C 500 mg daily, vitamin E 400 mg daily, silymarin 420 mg daily and N-acetylcystein 600 mg daily) in amelioration of the side effects of pegylated interferon/ribavirin combination therapy in patients with CHC.
PATIENTS AND METHODS
This is a randomized controlled study carried out at the Department of Tropical Medicine, Zagazig University Hospitals from August 2009 to July 2012. This study comprised 200 patients with CHC under pegylated interferon/ribavirin combination therapy. They were all candidates to begin combination therapy according to guidelines of the National Committee for Control and Prevention of viral Hepatitis "C" in Egypt. Patients were selected by stratified random sample and assigned into two equal groups; Group I (study group) included 100 patients received combined antiviral therapy (Peginterferon and Ribavirin) plus antioxidants (slow release vitamin C 500 mg daily, vitamin E 400 mg daily, silymarin 420 mg daily and Nacetylcystein 600 mg daily) for 48 weeks and Group II (control group) included 100 patients received combined antiviral therapy (Peginterferon and Ribavirin) only for 48 weeks.
All the studied patients were subjected to the following:
 Complete history taking. 
Treatment regimens:
The dose of peginterferon alpha-2a is 180 ug subcutaneously around the umbilicus once per week together with ribavirin using 1000 mg/day for those ≤ 75 kg in weight and 1200 mg/day for those >75 kg in weight. The dose of peginterferon alph-2b is 1.5 ug/kg body weight subcutaneously around the umbilicus once per week together with ribavirin at dose of 800 mg/day for those weighting <65 kg, 1000 mg for those >65 kg to 85 kg, 1200 mg for those >85 kg to 105 kg and 1400 mg for those > 105 kg .
Patient Monitoring: All patients were assessed at weeks 0, 1, 2 and 4 of treatment and thereafter monthly. At each review, laboratory tests were performed including serum ALT and AST, bilirubin, full blood count and serum creatinine. Body weight and symptom checklist were recorded at each visit and dose modifications to the peginterferon or ribavirin were made when appropriate.
Statistical Analysis: Data were checked, entered and analyzed using (SPSS version 15). Data were expressed as arithmetic mean (X) ± standard deviation (SD) for quantitative variable, number and percentage for qualitative one. Chi-square (X 2 ) and t test were used when appropriate. P value less than 0.05 was considered significant.
RESULTS
There was a non-significant statistical difference between patients who received combined antiviral therapy (Peginterferon and Ribavirin) plus antioxidants (group I) and patients who received combined antiviral therapy only (group II) regarding age and sex (table 1).
The frequency of fatigue was significantly lower in group I from week 2 onwards till the end of therapy; p value ranged from 0.027 to < 0.001 (table 2, figure 1).
Significant statistical difference was noticed between the two groups regarding changes in hemoglobin concentration along therapy from week 1 onwards (table 3, figure 2) as reduction in hemoglobin concentration along therapy was significantly lower in the group I; p = 0.001 (table 4) . The frequency of significant anemia (Hb < 10 gm/dl) in group I was significantly lower than Group II from week 12 onwards; p value ranged from 0.013 to 0.001 (table 5) .
Percentage of discontinuation of the treatment, due to either absence of EVR or hematological complications, was comparable between the two studied groups. There was a non-significant statistical difference between both groups (table 6). 
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DISCUSSION
Side effects of CHC treatment with Pegylated interferon and Ribavirin are believed to be, in part, due to oxidative stress induced by ribavirin.
In the present work we have studied the effect of antioxidants administered in conjunction with Pegylated interferon and Ribaverin in the amelioration of subjective and laboratory side effects of the combined therapy. We have used a mixture of four antioxidants with average therapeutic doses (slow release vitamin C 500 mg daily, vitamin E 400 mg daily, silymarin 420 mg daily and N-acetylcystein 600 mg daily).
The results of our study revealed significant difference between both groups regarding changes in hemoglobin concentration along therapy from week one onwards as reduction in hemoglobin concentration along therapy was significantly lower in group 1 (study group); p = 0.001. The frequency of significant anemia (Hb < 10 gm/dl) in group 1 was significantly lower than Group 2 (control group) from week twelve onwards; p value ranged from 0.013 to 0.001. This in turn resulted in much lower needs for dose modifications and hence more adherence to therapy in group 1.
The etiology of anemia with antiviral therapy in CHC is multifactorial. It is caused mainly by ribavirin induced hemolysis. Interferon also may lead to suppression of the normal compensatory bone marrow response. The exact mechanism of ribavirin induced hemolytic anemia is unclear. Intracellular accumulation of phosphorylated metabolites of ribavirin leading to ATP depletion and oxidative damage of RBCs was suggested by De Franceschi et al. [7] .
These results were consistent with Brass and Piken [11] ; who have reported that administration of 1000 mg of vitamin C and 800 mg of vitamin E daily together with antiviral therapy can reduce ribavirin induced hemolytic anemia. However, the number of patients included in their study was very low as it was just a pilot study that included twelve patients with CHC in the study group and fourteen patients in the control group whereas, the present study included 100 patients in each group. In the above mentioned study, the authors used standard INF alpha 2b whereas, in the present study pegylated INF was used. Moreover, their patients were followed just for twelve weeks while in our study patients were followed for the whole 48 weeks.
These results were also consistent with Kawaguchi et al. [12] ; who stated that administration of 2000 mg of vitamin C and 2000 mg of vitamin E daily together with antiviral therapy can reduce ribavirin induced hemolytic anemia. Doses of vitamins E and C used in the above study are much more than those used in our study. In the present work, two additional antioxidants namely silymarin and Nacetylcystein (NAC) were given. Besides, the preparation of vitamin C used in the present work was a slow release form that allows prolonged effect of the vitamin. The number of patients included in the above study was also low, 21 patients in the study group and 21 patients in the control group, while our study included 100 patients in each group. Moreover, INF used was standard INF alpha 2b while in our study we used pegylated INF.
Saeian et al. [13] ; reported that the administration of 800 IU of vitamin E twice daily together with antiviral therapy did not reduce ribavirin-induced hemolytic anemia. This study included forty seven patients with CHC (27 vitamin E /20 controls). INF used was standard INF alpha 2b. By the end of this study, the authors recommended adding other antioxidants, like vitamin C or NAC, to vitamin E to augment its antioxidant effect; which was done in our study. The results of the above study as well as the present work suggest that vitamin E alone is not effective in reducing ribavirin-induced hemolytic anemia and that the combination employed in the present work is more effective.
Neither of the previously mentioned studies has been conducted on patients with genotype four which is the predominant type in Egypt. Whether this observation has any relevance to the outcome of the studies remains to be elucidated.
Assem and Yousri [14] ; stated that Pentoxifylline 800 mg and vitamin E 1000 IU daily can ameliorate RBV associated hemolytic anemia. These results are consistent with the results of our study. Pentoxifylline, TNF alpha antagonist, increase erythrocyte ATP and erythrocyte deformability resulting in reduction of RBCs hemolysis and augmenting vitamin E protective effect. This study was conducted in Egypt on genotype four using peginterferon α-2 b. This study was also conducted on 200 patients (100 in each group) which is comparable to the present study. However, their study has not focused on the other subjective side effects induced by antiviral therapy. To the date we have planned our study in 2009, these data were not yet published.
During antiviral therapy with Peginterferon and ribavirin, fatigue is a well documented side effect. The exact mechanism of fatigue is not clear; however, it is most likely multi-factorial, including the systemic effects of increased cytokines and treatment-related side effects such as anemia [15] .
The results of the present study revealed significant difference between both groups regarding the frequency of fatigue from week two onwards till the end of therapy. The frequency was much lower in group I; p value ranged from 0.027 to < 0.001. This can be explained, in part, by the higher mean of hemoglobin concentration and the lower frequency of significant anemia in group I.
The results of our study revealed a nonsignificant statistical difference between both groups regarding neutrophilic count or the mean reduction in neutrophilic count along therapy. Regarding platelet count, there was also a nonsignificant statistical difference between both groups in all weeks of follow up during therapy apart from weeks sixteen and twenty eight where changes were significant. Moreover, there was a non-significant statistical difference between both groups regarding thyroid dysfunction (all cases reported were hypothyroidism).
Neutropenia and thrombocytopenia occurring with interferon therapy are mostly due to bone marrow suppression [16] , although autoimmune related thrombocytopenia may also occur [17] . Thyroid dysfunction with INF therapy is mostly due to autoimmune mechanism. Oxidative stress seems to play no role with all these parameters and this may explain why they were not affected by antioxidants.
The results of our study revealed also a non significant difference between both groups in all other checked symptoms throughout the period of treatment including fever, headache, musculoskeletal symptoms (myalgia, arthralgia, bony pains), nausea, anorexia, weight loss, dry cough, insomnia, irritability, depression, alopecia (hair loss), injection site reactions and dermatological side effects (Itching, Rash, Dermatitis). The exact mechanisms of these side effects are not well understood. Oxidative stress has no clear role in these side effects and this may explain lack of benefit of antioxidants on these side effects.
Withdrawal from the study was comparable between the studied groups. Most of cases withdrawn due to lack of EVR, the rest due to hematological complications. Antioxidants had no effect on the frequency of treatment discontinuation.
Some previous studies have declared that erythropoietin can improve anemia caused by peginterferon and ribavirin therapy and is more effective than dose reduction at improving quality of life during treatment. However, erythropoietin has not yet been approved by FDA for the use in patients with HCV infection, in addition to its expensive costs [18] .
In conclusion, it can be recommended to use the mixture of the four antioxidants used in the present study to ameliorate anemia and fatigue during treatment of CHC with pegylated interferon and ribavirin, as this can improve the quality of life and adherence to therapy.
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